study groups (p ! 0.05). In the intervention group, these changes (M = -0.45) in asthma control were close to clinical significance (minimal important difference ; 0.5). Both groups improved in disease-specific quality of life scores. For the intervention group, which changed the most (p ! 0.05), the change exceeded the threshold for the minimal important difference (0.5). The costs of medications increased significantly in the intervention group, where adjustments of medication were made more often than in controls. Conclusion: Disease-specific quality of life of asthma patients could be improved by adding structured information and monitoring by diary to standard care.
Introduction
Asthma is a chronic disease with a prevalence of about 8% in the European population [1] . Although effective symptomatic treatment is available, under-diagnosis and poor management is a problem [2, 3] . International guidelines emphasize that written action plans and patient ed- ucation, in addition to regular follow-up, are important in order to achieve successful self management [4] . Nevertheless, adherence to asthma treatment guidelines is generally poor [5] [6] [7] and guideline goals are not achieved [1] . This is probably due to non-adherence to guidelines as well as to insufficient patient co-operation. It has been suggested that only half of patients with chronic diseases take their medicines as prescribed [8, 9] . Compliance and treatment outcome are better in clinical trials than in everyday care [10] . Several components in the trial situation could account for this. One of them is the increased information given to participants in clinical trials. That this could be an important factor is supported by the health beliefs model [11] . Another trial component of probable importance is the more extensive follow-up and monitoring of treatment effects in trials compared to ordinary care.
The poor outcomes of asthma treatment in everyday care, due to suboptimal treatment regimens and lack of patient adherence, probably inflate the costs of asthma [12] . Asthma-related costs are determined largely by pharmaceuticals [13] and vary considerably even among patients with similar asthma severity [14] .
Our aim was to evaluate if an intervention containing 2 of the crucial elements of clinical trials, active monitoring and increased information, might improve the treatment outcome in asthmatic patients in primary care. The intervention consisted of structured written and oral information, and an asthma diary. The primary outcome measure was asthma control. Secondary outcomes were estimates of costs of asthma medication, asthma-specific quality of life and pulmonary function.
Material and Methods
From October 2003 until December 2004, we studied 141 participants (98 females and 43 males), aged 18-87 years, who were treated in 19 primary healthcare centres in the Stockholm area. The centres were instructed to consecutively invite all eligible patients with an asthma diagnosis who sought medical attention (for any condition) to participate. All participants had to give written informed consent. Exclusion criteria were: age less than 18 years, poor understanding of written Swedish, malignant disease, severe psychiatric disease and dementia. All participants gave written informed consent to their participation.
The study was designed to measure the effect of increased information and monitoring by diary on treatment outcome in asthmatic patients in primary care. Study centres were randomized to a control group, treating asthmatic patients according to their local routines, or to an intervention group (see below). Randomization of the centres was performed by an independent consultant, Dr. Pierre Lafolie at the Karolinska Trial Alliance, Stockholm, Sweden, after inclusion of all centres but before patient recruitment started. Randomization was performed using a computer programme that generated random numbers. Both the patients and the researchers analyzing the data were aware of the allocation.
The intervention was delivered by the treating physician or an asthma nurse, depending on local routines, and consisted of giving additional structured written and oral information, and follow-up using an asthma diary. Basic information aetiology, pathology and management of asthma (1 page) was given to all patients in the intervention group. Information on specific asthma treatment was standardized for different medications, but individualized for each patient so that only information applicable to his/her current treatment was given (less than 1 page per class of medication). The same information was also given orally. Participants in the intervention group were also instructed to keep an asthma diary and to discuss the diary with the appointed nurse. The diary consisted of a pre-printed booklet with 4 questions that were to be answered on a daily basis, preferably before the first daily dose of medicine. The questions concerned use of bronchodilators on demand, nighttime awakenings due to asthma, and treatment adherence. It was estimated that the intervention, diary excluded, would take approximately 10 min to carry out.
The primary outcome measure was the change in the score of the asthma control questionnaire (ACQ) between the 2 visits in the study. We used the Swedish 5-question version of the ACQ, which has been validated for use in a primary care setting [15] [16] [17] . Each item is scored on a 7-point scale (0 = good control, 6 = bad control), and the overall score is the mean of all responses. The minimal important difference (MID) has been reported to be close to 8 0.5 [16] . Two different approaches to calculating the MID showed similar, but not identical results, thus creating slight uncertainty [16] .
Secondary outcomes were lung function measurements (FEV 1 or PEF), the number of self-reported emergency visits caused by asthma, the number of patients having additional/unanswered questions about their asthma or its management, prescribed changes in drug treatment, the patient-perceived benefit of asthma medications, costs of the asthma medications, and changes in disease-specific quality of life. Disease-specific quality of life was measured using the validated Swedish version of the Mini Asthma Quality of Life Questionnaire (MiniAQLQ; MID 0.5), which yields a total score between 1 and 7, where 7 is the best and 1 is very poor [17, 18] .
The participants completed 2 visits 8-14 weeks apart at their primary health care centre. At the first visit, they were characterized with regard to age, gender, asthma symptoms and asthma medications used during the preceding week. Lung function was measured with ongoing medication by spirometry or a peak-flow meter according to local routines. A standardized approach with spirometry for all participants would have required a change to normal clinical routines, which was undesirable. The participants completed the ACQ [15] and the MiniAQLQ [18] . Designated nurses were responsible for the handling of the questionnaires. At the second visit, both questionnaires were completed again and spirometry or PEF was carried out in the same way as at the first visit. Each patient also completed a questionnaire that addressed the number of emergency department visits caused by asthma since the last visit, additional questions about their treatment (yes/no), if prescribed drug treatment had been changed (yes/no), if the patient perceived benefit of the treatment (yes/no), and asthma medications taken during the preceding week.
The daily doses of each asthma drug were used to calculate the total daily pharmaceutical costs per patient. If the dosage of a drug was not recorded, we used the cost of a defined daily dose of the drug [19] . Unit costs for drugs were obtained from the Swedish pharmaceutical desk reference, FASS , 2004 [20] . For comparison of costs, 1 USD = 7. 47 SEK (2005) [21] .
The study was approved by the regional ethical review board.
Statistical Analysis
The study was designed as a prospective, cluster-randomized trial. Thus, study centres rather than patients were randomized to control or intervention in order to avoid contamination between subjects. However, this design does not allow assumptions of independence between patients within the same centre (cluster). This is taken into account by comparing the means of all observations for all subjects within a cluster between treatment groups, weighting for cluster size [22] .
Power calculations were carried out to obtain a power of 0.8 with ␣ = 0.05 on an individual level to detect a difference in ACQ score at least as large as the MID (0.5 p). The resulting required sample size was 67 in each group. To evaluate the extent to which the design affected the power of our study, we used a measure known as 'the design effect' [23] . It is calculated according to the formula:
where m is the average cluster size and ICC is the intra-class correlation coefficient [24] . where MS values are the mean squares from the ANOVA table and m is the average size of the clusters [25] . This method is equally applicable for both binary and continuous outcomes [25] . The size of each cluster in our study varied. Therefore, we substituted m0 for m:
where k is the total number of clusters, m i is the number of cases in the 'i-th' cluster, with i ranging from 1 to k, and n is the total number of individuals in the sample in our calculation [25] . The effect of the intervention was described by the change within subjects after the intervention and compared between groups with weighted t tests. The Pearson 2 was used to analyse the variables in the short questionnaire (change in drug treatment, patient perceived benefit, number of emergency visits, and additional questions). To account for the clustering effect in the analysis, adjusted 2 values were calculated by dividing the 2 statistic with the design effect for the variable in question [26, 27] .
Mean values and standard deviations are given, unless otherwise specified. For all statistical tests, p ! 0.05 was considered statistically significant. All descriptive analyses and t tests were carried out using Systat 11 (Systat Software, Richmond, Calif., USA). 2 and adjusted 2 analyses were calculated manually.
Results
The enrolment lasted 14 months and was conducted in parallel for the 2 groups. The seasonal impact on asthma symptoms and severity can thus be assumed to be equal in the treatment groups. 168 participants were enrolled; 11 participants in the control group and 10 in the intervention group were lost to follow-up for unknown reasons. One patient in the intervention group did not meet the age inclusion criteria and was therefore excluded. Three controls and 2 participants in the intervention group completed the second visit much later than planned in the protocol (20-32 weeks overdue) and were therefore excluded. Thus, 64 participants in the intervention group and 77 in the control group completed the study. Post hoc calculations revealed that the design effect for the primary outcome, ACQ, was 1.20, which implies that the sample should have been inflated by 20% to reach the desired power of 0.8. The demographic characteristics of the patients included in the final analysis of the study are presented in table 1 . The dropouts did not differ from the other participants at baseline (not shown).
The changes in ACQ scores differed significantly, t(137) = 3.51, p = 0.01 between the control group (M = -0.29, SD = 0.31) and the intervention group (M = -0.45, SD = 0.23). However, the difference in mean change was less than the MID ; 8 0.5 in the control group. The changes in lung function also differed significantly t(137) = -2.45, p = 0.016 between, the control group (M = 1.39, SD = 3.53) and the intervention group (M = 3.03, SD = 4.34).
In the control group, there were 7 emergency visits by 6 participants, and in the intervention group, there were 9 emergency visits by 5 participants (cluster-adjusted 2 = 0.61, p = 0.43). There was no difference between the 2 groups regarding the perception of drug benefit (cluster-adjusted 2 = 2.17, p = 0.14). However, the proportion of participants who altered their pharmaceutical treatment was significantly larger in the intervention group than in the control group (cluster-adjusted 2 = 3.96, p = 0.0466). The number of participants having additional questions at followup was 10 participants per group. Weighted total mean costs were SEK 8.14 for the intervention group and SEK 12.59 for the control group at baseline. At follow-up, the total cost had increased by SEK 1.50/day in the intervention group, whilst it remained almost the same in the control group (a decrease of SEK 0.12/day). The weighted difference between groups was statistically significant [t(139) = -3.04, p ! 0.05]. The increased costs could not be attributed to any single class of medications.
The mean total cost per centre/day varied from SEK 2.79 to 17.40 for the intervention centres and from SEK 6.37 to 16.90 for the control centres at baseline. At followup, the mean total cost per centre varied from SEK 4.62 to 17.40 for the intervention centres and from SEK 8.02 to 23.05 for the control centres.
The intracluster correlation coefficients for outcomes reported above are presented in table 2 .
Discussion
Our findings suggest that structured information and monitoring has a positive effect on the outcome of asthma treatment in the primary care setting. Thus, asthma control improved and there was a clinically significant improvement in asthma-specific quality of life among patients cared for at primary care centers randomized to the intervention group compared to usual care. This is in line with previous findings in self-management programs [28] . The cost of medication in the intervention group increased by SEK 1.50/day, due to changes in patient-reported medication. The baseline gap between the groups regarding costs was slightly reduced, but they still differed, with the intervention group having the lowest total costs.
Changes in the primary outcome measure, asthma control measured by the ACQ, were small and did not exceed the threshold for the MID. A small, but statistically significant improvement of lung function was also detected in the intervention group. The clinical relevance of these changes is thus uncertain. However, only shortterm effects were evaluated in the present study. It would be interesting to study whether there are long-term ben- efits, but that would have required a longer study, possibly repeating the intervention ('a booster dose').
The finding that prescribed medical changes were greater in the intervention group is interesting. The delivery of structured information might have initiated more discussions about the current treatment, resulting in changes of treatment. Even though the intervention group had more changes in prescribed medications and significantly increased pharmaceutical costs, the mean cost was still lower in the intervention group than in the control group due to an imbalance at baseline. The large range of pharmaceutical costs per day and patient are in line with previous findings [14] .
Considering the limitations of our study, it is possible that the clinicians made selective invitations which could bias the results. This would, however, be against their instructions, and we have no reason to believe that this was the case. We had problems with a relatively high rate of loss to follow-up; however, these patients did not differ from the ones in the final analysis at baseline. This, and the post hoc analysis of the cluster effect, led to a lower statistical power than anticipated. Nonetheless, positive effects of the intervention could be documented. Furthermore, we chose a self-reported primary outcome. The validity of self-reported measures could be questioned, but they are considered important and their use is advo- Lost to follow-up 1 centre with a size of 1 2 centres did not include any subjects at all for unknown reasons A total of 10 subjects were lost to follow-up Lost to follow-up 1 centre with a size of 3 1 centre did not include any subjects at all for unknown reasons A total of 11 subjects were lost to follow-up cated in current guidelines for asthma treatment. In this case, the primary outcome measure, ACQ in its original design, consisted of 2 'objective' items (short-acting b2-agonist use and FEV 1 ), which were later excluded due to redundancy [16] . Researchers and study subjects were not blinded. However, contamination was minimized by presenting the intervention merely as an approach different from standard care and not giving details on its content to centres allocated to the standard care group.
The robustness of the primary outcome and our efforts to minimise bias and contamination between the study groups makes us confident that confounding is not a major threat to our conclusion.
The fact that the study was underpowered is of less importance. Underpowering a study is a major threat to the validity of the findings only if no statistically significant differences are found in the outcomes.
Conclusion
Our intervention, structured information given only once and monitoring at home by an asthma diary, had small but significant effects on asthma-specific quality of life. Nevertheless, the effects seen in our study are comparable to those seen in large patient-education programs on self-management, that include self-monitoring by either PEF or symptoms, coupled with regular medical review and a written action plan [29] . This suggests that giving more and relevant information within the everyday asthma-consultation and actively monitoring may improve treatment outcome with only a minor increase in effort.
Practice Implications
Large patient education programs have been viewed as expensive, carrying high start-up costs [30] . However, structured information to patients in connection with regular visits and monitoring with an asthma diary require little additional resources and are easy to accomplish.
